Heart failure (HF) is a major public health burden worldwide. Of patients presenting with HF, 30 -55% have a preserved ejection fraction (HFPEF) rather than a reduced ejection fraction (HFREF). Our objective was to examine discriminating clinical features in new-onset HFPEF vs. HFREF.
Introduction
Heart failure (HF) is a major public health problem worldwide, and the lifetime risk of developing HF is one in five for men and women at 40 years of age. 1 Of patients presenting with acute decompensated HF, 30-55% are estimated to have HF with preserved ejection fraction (HFPEF) rather than reduced ejection fraction (HFREF). 2 -4 The extent to which HFPEF and HFREF are overlapping vs. distinct phenotypes remains unclear. 5, 6 Patients with HF in the community often experience cardiovascular death; however, noncardiovascular comorbidities may also contribute greatly to mortality, particularly in patients with HFPEF. 7 While the clinical course and † Deceased. ‡ D.S.L. and D.L. contributed equally to this work.
survival after HF-onset have been described for HFPEF and HFREF, differences in factors present at or before the onset of HF symptoms have not been systematically compared between HF subtypes. Understanding the relations of different clinical factors to the type of HF may lend important pathophysiological insights. Few studies have examined characteristics other than left ventricular ejection fraction (LVEF) that might distinguish HFPEF from HFREF in the clinical setting. 8 We sought to examine the differences in the clinical characteristics between newly diagnosed HFPEF and HFREF in a large community-based study, and to further validate our findings in a large hospital-based cohort of patients with HF.
Methods Derivation study sample
The Framingham Heart Study (FHS) original and offspring cohorts have been described previously. 9, 10 In brief, men and women enrolled in the original cohort have undergone periodic examinations approximately every 2 years and those in the offspring cohort approximately every 4 years since initial enrolment. At each visit, health history updates, physical examinations, and blood tests were performed. We included participants with initial HF hospitalization occurring between 1981 and 2008 who also had an evaluation of LVEF near the time of hospitalization. Informed consent was obtained from participants, and the research protocol was approved by the institutional review board of Boston Medical Center.
Definition of initial heart failure hospitalization
At each examination, interim cardiovascular disease events were identified and medical records were obtained. Initial HF hospitalization was confirmed by a panel of three physicians after systematic review of outpatient and hospital records using established protocols and FHS criteria. 11 Participants with prevalent HF at the baseline examination were excluded.
Antecedent clinical factors
Data on antecedent clinical variables were obtained from the most recent FHS examination prior to HF-onset. Blood pressure (BP) was the average of two seated measurements, and hypertension was defined as a systolic BP ≥140 mmHg, a diastolic BP ≥90 mmHg, or the current use of antihypertensive medication. A significant heart murmur was defined as a systolic murmur grade ≥3/6 or any diastolic murmur heard on physician's examination. Total cholesterol levels were obtained, and diabetes was defined as a fasting glucose ≥126 mg/dL, non-fasting glucose ≥200 mg/dL, or the use of insulin or oral hypoglycaemic medications. A history of major coronary heart disease (CHD) was defined as myocardial infarction or acute coronary insufficiency [prolonged ischaemic symptoms with new echocardiogram (ECG) abnormalities in the absence of biomarker elevations indicative of infarction] prior to HF-onset, as adjudicated by a three-physician panel after review of medical records. Atrial fibrillation was determined after examining all available ECGs before or on the day of HF-onset.
Initial heart failure hospitalization characteristics
The characteristics at HF-onset were abstracted from emergency department records at the time of hospitalization. The first-documented BP, heart rate, respiratory rate, and blood tests were ascertained, and all ECGs from the date of HF-onset were reviewed. Left ventricular ejection fraction was determined from the ECG or radionuclide ventriculogram performed at or near the HF-onset date. Assessments of LVEF were eligible if performed during the initial HF hospital admission, or within 1 year prior to HF-onset if no intervening myocardial infarction had occurred, as determined by review of interim medical records and clinical visits. A total of 104 participants underwent LVEF assessment prior to the HF event, with a mean of 4.3 + 7.3 months between cardiac imaging and HF-onset. Heart failure was a priori classified as HFPEF (EF .45%) or HFREF (EF ≤45%).
12 Secondary analyses were conducted, classifying HF as normal (EF .55%), mild-moderately depressed (EF 35 -55%), or severely depressed EF (,35%). 
External validation cohort

Statistical analysis
Using t-, x
2
, and Fisher's exact tests as appropriate, we compared characteristics in participants with HFPEF vs. HFREF. Multivariable logistic regression was used to examine the relation of clinical predictors and the type of HF (HFPEF vs. HFREF). First, age-and sex-adjusted analyses were conducted. A final multivariable model was then constructed using backward selection, with consideration of age-and sex-adjusted covariates ( Table 1) at P , 0.10 and retention at P , 0.05. In the final model fit in the entire sample, testing for potential interactions between sex and covariates was performed if the regression coefficients indicated opposite directional effects between men and women in the stratified analyses. Participants with non-missing values of covariates considered in the multivariable model were included. The predicted risk of HFPEF vs. HFREF was calculated from the final model.
The final FHS multivariable model was then examined in EFFECT using three performance measures: equality of regression coefficients, discrimination, and calibration. First, each covariate in the multivariable model yielded two regression coefficients-one estimated within FHS and the other estimated de novo in EFFECT. Coefficients were compared using a standard z-test. 17 Three c-statistics were computed to examine discrimination for the EFFECT study by (i) applying the final FHS model-with coefficients estimated in FHS-to the EFFECT cohort, (ii) applying the final FHS covariates-with coefficients estimated in EFFECT-to the EFFECT cohort, (iii) using a stepwise multivariable model ('best model') constructed using all available covariates in EFFECT. We used the Hosmer -Lemeshow x were comparable to the observed risk. Importantly, recalibration does not affect comparisons of regression coefficients or discrimination. Analyses were performed using SAS version 8.2 (Cary, NC, USA).
Results
Between 1981 and 2008, there were 986 initial acute HF hospitalizations among FHS original and offspring cohort participants free of HF at baseline; 834 (85%) of the initial events included an evaluation of LVEF at or within 1 year prior to HF-onset; 712 (72%) participants had complete covariate data. Of these, 326 participants (46%) had HFPEF and 386 (54%) had HFREF. The EFFECT cohort included 9943 participants with an initial hospitalization for HF, of whom 4436 (45%) underwent in-hospital LVEF evaluation between 1999 and 2001; 1437 had HFPEF (32%) and 2999 had HFREF (68%).
Characteristics stratified by left ventricular ejection fraction
Women represented two-fifth of cases of HFREF and two-third of cases of HFPEF in both FHS and EFFECT ( Table 1) . A history of CHD was more common in HFREF, whereas a significant murmur and atrial fibrillation were more prevalent among those with HFPEF. On hospital presentation, participants with HFREF had a higher systolic BP, heart rate, haemoglobin, and serum potassium when compared with those with HFPEF. Atrial fibrillation was more common in HFPEF, and left bundle branch block was more common in HFREF.
Predictors of heart failure with preserved vs. reduced ejection fraction in Framingham Heart Study Age-and sex-adjusted odds ratios for HFPEF are shown in Table 2 . Atrial fibrillation and female sex were both associated with a greater than two-fold increased odds of having HFPEF. Other factors favouring HFPEF in age-and sex-adjusted analyses included prior atrial fibrillation, higher BMI, and a higher systolic BP. The most significant determinants of HFREF were CHD, which was associated with a greater than 2.5-fold increased odds of HFREF (95% CI 1.8 -3.3, P , 0.0001), and left bundle branch block, with more than three-fold odds (95% CI 1.9 -4.9, P , 0.0001).
After adjustment for other clinical characteristics, female sex and atrial fibrillation were associated with more than two-fold greater odds of HFPEF, whereas male sex, a history of CHD, a higher heart rate, higher serum potassium, left bundle branch block, and ischaemic ECG changes increased the odds of HFREF. Sex-stratified analyses showed only minor differences between men and women, Table S1 . In order to exclude significant valvular disease in participants classified as HFPEF, 18 a sensitivity analysis was performed excluding the 67 participants with a significant murmur prior to the onset of HF from the HFPEF group in FHS, which yielded similar results (see Supplementary material online, Table S2 ).
In secondary analyses, we classified HF into three LVEF groups: normal, mild-moderately depressed, and severely depressed. A history of CHD and ischaemic ECG changes appeared to be associated with increased odds of depressed LVEF regardless of severity, whereas other characteristics were associated with largely intermediate odds for the middle LVEF group (see Supplementary material online, Table S3 ).
Discriminating clinical features of heart failure with preserved vs. reduced ejection fraction in the Enhanced Feedback For Effective Cardiac Treatment study
The multivariable model derived from the Framingham Heart Study was applied to the EFFECT cohort. When the regression coefficients were estimated in EFFECT, the odds ratios for HFPEF were similar in FHS and EFFECT (Figure 1) , with female sex and atrial fibrillation favouring HFPEF, and other characteristics favouring HFREF except serum potassium, which did not discriminate between the two types of HF in EFFECT. Regression coefficients had the same directional effects, and were of similar magnitude with the exception of serum potassium ( Table 3) . When the FHS final model regression coefficients were applied to EFFECT, the c-statistic was only modestly attenuated (c-statistic 0.78 in FHS and 0.75 in EFFECT, Table 4 ). When compared with the 'best model' within EFFECT (see Supplementary material online, Table S4 ), the FHS risk function discriminated nearly as well (c-statistic 0.75 vs. 0.78). Figure 2A displays the predicted vs. actual risk of HFPEF in FHS and EFFECT by the decile of risk using the final FHS model. Because the prevalence of HFPEF between the two cohorts differed in FHS compared with EFFECT (46 vs. 32%), the application of the FHS model to EFFECT led to a systematic overestimation of HFPEF compared with observed values ( Figure 2B ), which improved after recalibration of the model ( Figure 2C ).
Discussion
Among participants with new-onset acute HF, the clinical characteristics at the time of hospital presentation were distinct between HFPEF and HFREF in the community as well as the hospital setting. In particular, male sex, a history of CHD, a higher admission heart rate, left bundle branch block, and ischaemic electrocardiographic changes all significantly increased the odds of HFREF, whereas female sex and atrial fibrillation on presentation were associated with higher odds of HFPEF. These associations were remarkably robust when examined within two very different cohorts: FHS, a prospective community-based cohort, and EFFECT, a hospital-based registry involving virtually all of the large hospitals in a large Canadian province. Few prior studies have compared both the clinical features at the time of HF presentation and pre-onset comorbidities between participants with HFPEF vs. HFREF. Our group previously reported risk factors associated with HFPEF and HFREF in an earlier series of 534 cases in FHS. 12 The present analysis extends these findings by including more contemporary incident HF cases and examining risk factors in more detail, and by externally validating the findings in an independent cohort. Although HFREF and HFPEF increase mortality to a similar degree, 19 28 and it may be that unrecognized or clinically silent ischaemia in women contributes to HFPEF. Our data support the concept that ischaemic heart disease manifest as acute coronary syndrome or macrovascular disease tends to precede HFREF. In contrast, microvascular or clinically silent disease may predispose to HFPEF, although the role of coronary artery disease in HFPEF remains unclear.
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Our study also demonstrated that participants presenting with incident HFPEF had concomitant atrial fibrillation on admission much more commonly than those with HFREF, despite a history of atrial fibrillation being common in both types of HF. Since atrial fibrillation leads to the loss of atrial contribution and heart rate control, it may be particularly poorly tolerated in individuals with diastolic dysfunction.
Men were more likely to present with HFREF, indicating that sex differences in cardiac responses to stress may play an important role, consistent with previous studies. 4,8,23 -27 Previous data from FHS participants without HF show that isolated systolic hypertension leads to concentric left ventricular hypertrophy in women, whereas a pattern of eccentric hypertrophy is generally seen in men. 30 This and other sex-specific responses to risk factors may contribute to the discrepancy in type of HF with respect to sex. While our study demonstrates significant differences in the clinical presentation, it is also important to highlight the features that were common to both types of HF. In prior studies, older age, 4,8,23 -27 hypertension 4,23,24,27 and obesity 4, 8, 25 were all associated with HFPEF as opposed to HFREF. However, in our study, age, hypertension, and BMI did not discriminate between HFPEF vs. HFREF, suggesting that these clinical factors were common to both types of HF. Several limitations merit consideration. First, various cut-off points for LVEF have been used to define HFPEF, and any partition in LVEF is clearly along a continuum of measured LVEF. Lower LVEF is a powerful predictor of cardiovascular outcomes in HF patients; however, once elevated .45% LVEF does not further contribute to this risk, 31 lending more weight to this cut-point.
Our analysis excluded participants who did not undergo assessment of LV systolic function near the time of HF-onset. However, this was a small proportion of participants in the FHS sample (15%). A greater proportion in EFFECT did not undergo LVEF assessment, which may bias results, although the proportion of patients imaged was similar to other unselected populations hospitalized for HF. 23 Framingham Heart Study participants were predominantly white, limiting the generalizability of our findings. We also found that a higher serum potassium level at the time of hospitalization discriminated between the HF subtypes in FHS, but not in EFFECT. This may be due to differences in the ACE inhibitor or diuretic use, and we were not able to adjust for medication differences on HF presentation. We studied participants with diagnosed HF based on rigorous Framingham criteria, 11 rather than participants with suspected HF, thus implications of our findings with regard to diagnostic utility are limited. In that regard, it is important to realize that despite moderate capacity to discriminate between HFPEF and HFREF, pursuing cardiac imaging to evaluate structural disease in new-onset HF is the standard of care. 32 Despite these limitations, a clear strength of our study is the combination of two very different but complementary study settings with similar characterization of HF subtypes, which expands the generalizability of our findings considerably. The FHS, as a longitudinal cohort, was ideal for initial examination of differences in clinical profiles, given detailed phenotyping, unbiased ascertainment of incident HF cases, and near-complete follow-up. In contrast, EFFECT as a much larger hospitalized population-cohort allowed external validation of our results.
In summary, many pre-onset and clinical characteristics at the time of HF presentation differed in participants presenting with HFPEF vs. HFREF, both in the community and in the hospital setting. While CHD predisposed to a lower LVEF, other clinical traits differed in prevalence across the spectrum of LVEF. These findings suggest that HFPEF and HFREF are overlapping clinical syndromes along a continuum of LV function. Future investigations on differences could lead to improved treatment strategies for patients with HF. Most importantly, further defining risk factor profiles for HFPEF and HFREF could lead to targeted preventive efforts in 'at-risk' individuals.
